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METHOD FOR PREPARING MULTILAYER
METAL COMPOSITE PIPE

CROSS REFERENCE OF RELATED
APPLICATION

The application 1s a continuation application of a PCT
application No. PCT/CN2021/070205, filed on Jan. 5, 2021;
and claims the priority of Chinese Patent Application No.
CN 202011217915.X, filed to the China National Intellec-
tual Property Administration (CNIPA) on Nov. 4, 2020, the

entire content of which 1s incorporated hereby by reference.

BACKGROUND OF THE PRESENT
INVENTION

Field of Invention

The present mnvention relates to a technical field of metal
pipe preparation, and more particularly to a method for
preparing a multilayer metal composite pipe.

Description of Related Arts

Multilayer metal composite pipe, also known as layered
composite pipe, 1s composed of two or more different metal
pipes, wherein different pipe bodies are tightly integrated
through various deformation and connection technologies.
When an external force 1s applied, the layered pipes are
deformed at the same time, and the interfaces thereot extend
synchronously to ensure the uniformity of metal deforma-
tion. Generally, the base material of the multilayer metal
composite pipe 1s used to bear forces, while the covering
material 1s to meet the target requirements of corrosion
resistance, wear-resistance, and radiation shielding Com-
pared with single-metal pipe, the layered composite pipe
combines respective advantages of different metals to save
precious metals and reduce production costs while applying
to harsh environments, which has a great potential for future
applications.

Conventionally, the common compositing methods
include explosive compositing, casting compositing, and
mechanical compositing. The explosive compositing
method melts the metals by the heat produced at the moment
of the explosion of the explosive and connects the metals by
the pressure produced at that moment so that contact sur-
taces of the metal materials are connected by liquud welding.
However, the shape of the base material and the covering
material formed by this method 1s diflicult to control during,
the explosion, the quality 1s poor, and the yield 1s low.
Furthermore, the impact at the moment of explosion 1is
dangerous and noisy, leading to low environmental friend-
liness and harsh production site requirements. The casting
compositing method 1njects different liquid metals 1n time-
sharing, thereby providing a better metallurgical bonding
layer at the liquid surface with a high degree of bonding.
However, a large number of new phases and substances will
appear at the interface, resulting 1n poor stability of the
bonding interface, high production cost, and poor interface
bonding uniformity. The mechanical compositing method
injects high-pressure-state liquid into the pipe body, 1n such
a manner that the layered metal pipe expands and undergoes
plastic deformation. After unloading the pressure, the pipes
can be bonded together due to the metal rebound. However,
it 1s diflicult to achieve metallurgical bonding between
metals. Moreover, during long-term service, due to the
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2

release of residual stress, the bonding force between the
pipes 1s weak, so 1t 1s easy to sufler gaps, interlayers, etc.

Therefore, 1n view of the current common production
status, there 1s an urgent need for an eflicient method for
preparing multilayer metal composite pipes, which 1s cable
of multilayer metallurgical compounding, while reducing
production costs and improving production ethciency. The
product performance and accuracy are high, thereby provid-
ing a production technology for the continuously large-scale
preparation ol composite pipes.

SUMMARY OF THE PRESENT INVENTION

To overcome the defects 1n the prior art, an object of the
present mvention 1s to provide a method for preparing a
multilayer metal composite pipe.

Accordingly, to accomplish the above objects, the present
invention provides:

A method for preparing a multilayer metal composite
pipe, comprising steps of:

1) Externally grinding blank pipes: grinding external
surfaces of metal blank pipes to eliminate oxide films
on the external surfaces and spiral joints caused by a
previous process;

2) Internally grinding the blank pipes: grinding internal
surfaces of the metal blank pipes to eliminate oxide
f1lms on the 1internal surfaces and quality defects caused
by the previous process and producing micro-grooves
on the 1nternal surfaces of the blank pipes; wherein no
micro-groove 1s produced on an internal surface of an
innermost pipe of the multilayer metal composite pipe;

3) Cleaning o1l stains: cleaning the internal surfaces and
the external surfaces of metal blank pipes ground in
step 2 to remove grits, metal burrs, and the o1l stains;

4) Assembling a multilayer metal pipe: assembling the
metal blank pipes cleaned in step 3 with internal and
external clearances to form a multilayer metal blank
pipe;

5) Drawing to reduce a diameter: reducing the diameter of
the multilayer metal blank pipe through a drawing die,
and fully contacting adjacent pipe layers in the multi-
layer metal blank pipe to form an mterference (i,
thereby obtaining a layered composite pipe blank by
drawing to reduce the diameter;

6) Performing high-speed friction welding at the pipe
ends: fusing pipe end gaps of the layered composite
pipe blank with a high-speed friction welding head, and
sealing by welding to prevent internal and external
surfaces of adjacent pipe layers of the layered compos-
ite pipe blank from oxidizing;

7) Performing multi-point friction welding on pipe sur-
faces: applying multiple sets of the high-speed friction
welding heads on surfaces of the layered composite
pipe blank with sealed pipe ends to fuse gaps between
corresponding friction welding areas, thereby realizing
the multi-point friction welding on the pipe surfaces of
the layered composite pipe blank;

8) Overall heating: overall heating the layered composite
pipe blank after friction welding;

9) Performing four-roller cross-rolling: processing the
heated layered composite pipe blank with large defor-
mation treatment through the four-roller cross-rolling
so that the internal and external surfaces of the adjacent
pipe layers are metallurgically composited;

10) Straightening: straightening the layered composite
pipe blank after the four-roller cross-rolling to elimi-
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nate bending and flattening problems caused during
cooling as well as to eliminate internal residual stress;

11) Performing two-roller cold-rolling: processing the
straightened layered composite pipe blank with plastic
deformation and crushing metal crystal grains through
the two-roller cold-rolling, so as to obtain a layered
composite pipe with a reduced diameter;

12) Degreasing: cleaning the rolled layered composite
pipe to remove surface o1l stains;

13) Brighteming: brightening the degreased layered com-
posite pipe to reduce oxide scales on a surface of the
metal pipe;

14) Performing surface grinding: processing the bright-
ened layered composite pipe with the surface grinding
to eliminate surface oxide films and pipe surface qual-
ity problems caused by the previous steps, and then
polishing;

15) Cleaning dust: cleaning internal and external surfaces
of the polished layered composite pipe to remove
surface grinding head grit and metal burrs;

16) Detecting multilayer metal interface bonding: per-
forming ultrasonic detecting on the cleaned layered
composite pipe to obtain metallurgical bonding infor-
mation of the internal and external surfaces between
adjacent pipe layers of the layered composite pipe, and
discarding an unqualified layered composite pipe hav-
ing unqualified metallurgical areas;

17) Detecting tlaws: performing the ultrasonic detecting
on the surfaces of the cleaned layered composite pipe
to obtain crack defect information of the layered com-
posite pipe after deformation and discarding the
unqualified layered composite pipe;

18) Testing metal structure performance: sampling and
testing the qualified layered composite pipe; analyzing
mechanical properties, grain sizes, and corrosion resis-
tances of each pipe layer, and evaluating metal pipe
performance; for the layered composite pipe with
unqualified metal structure performance, repeating the
steps 11-18 until the qualified layered composite pipe 1s
obtained:; and

19) Sizing and packaging: sizing and packaging the
qualified layered composite pipe to facilitate transpor-
tation and avoiding corrosion by harmful substances.

Preferably, when the layered composite pipe with the
reduced diameter obtained through steps 1-11 fails specifi-
cation and performance requirements, a step Z3 and a step
74 are inserted after step 11 before performing the steps
12-19;

7.3) Performing heat treatment: performing the heat treat-
ment on the layered composite pipe with the reduced diam-
cter to eliminate residual stress and cause dynamic recrys-
tallization of the metal crystal grains; and

74) Performing precise cold-rolling: after the heat treat-
ment, processing the layered composite pipe with small-
deformation cold-rolling through a multi-roller cold-rolling
technology, so as to cause further plastic deformation and
crushing the metal crystal grains, thereby reducing the
diameter and wall thickness of the composite pipe to obtain
a precisely rolled layered composite pipe with finer grain
size and a better metal pipe toughness; if the layered
composite pipe obtained by the step Z4 still fails the
specification and performance requirements, repeating the
steps Z3 and 74 in sequence for at least once until the
layered composite pipe satisfies the specification and per-
formance requirements; and then performing the steps

12-19.
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Preferably, when the layered composite pipe with the
reduced diameter obtained through the steps 1-11 {fails
specification and performance requirements, at least one of
a step Z1 and a step Z2 1s inserted after step 11 to reduce the
diameter and a wall thickness, and then a step Z3 and a step
74 are inserted before performing the steps 12-19;

7Z.1) Performing cold-drawing to reduce the diameter:
processing the layered composite pipe with the drawing die
to generate plastic deformation which mainly reduces the
diameter and secondarily reduces the wall thickness, thereby
obtaining the layered composite pipe whose diameter is
reduced by the cold-drawing;

/.2) Performing cold-expansion to reduce the wall thick-
ness and increase the diameter: processing the layered
composite pipe with an expansion die to generate the plastic
deformation which mainly reduces the wall thickness and
secondarily increases the diameter, thereby obtaining the
layered composite pipe whose diameter 1s changed by the
cold-expansion;

After at least one of the steps Z1 and Z2 1s performed, 1f
the layered composite pipe obtained by the cold-drawing or
the cold-expansion fails diameter and wall thickness reduc-
tion requirements, then repeating at least one of the steps 71
and Z2 for at least once until the layered composite pipe
satisfies the diameter and wall thickness reduction require-
ments, and then performing the steps Z3 and 7Z4;

/.3) Performing heat treatment: performing the heat treat-
ment on the layered composite pipe with the reduced diam-
cter to eliminate residual stress and cause dynamic recrys-
tallization of the metal crystal grains; and

74) Performing precise cold-rolling: after the heat treat-
ment, processing the layered composite pipe with small-
deformation cold-rolling through a multi-roller cold-rolling
technology, so as to cause further plastic deformation and
crushing the metal crystal grains, thereby reducing the
diameter and the wall thickness of the composite pipe to
obtain a precisely rolled layered composite pipe with finer
grain size and a better metal pipe toughness;

If the layered composite pipe obtained by the step 74 still
fails specification and performance requirements, repeating
the steps Z3 and Z4 1n sequence for at least once until the
layered composite pipe satisfies the specification and per-
formance requirements; and then performing the steps
12-19;

If the layered composite pipe, which 1s obtained by
repeating the steps 73 and 74 1n sequence at least once, still
fails the specification and performance requirements, then
repeating the steps Z1-7Z4 at least once until the layered
composite pipe satisfies the specification and performance
requirements.

Preferably, 1n step 1, externally grinding the blank pipes
comprises a specific step of grinding the external surfaces of
the metal blank pipes with a grinding wheel head, wherein
the grinding wheel head comprises a large-grain coarse
orinding wheel, a medium-grain emery cloth, and a fine-
grain grinding wheel; the large-grain coarse grinding wheel
1s used to eliminate spiral joints on the surfaces of the blank
pipes; the medium-grain emery cloth 1s used to grind burrs
and metal granular substances leit by the large-grain coarse
egrinding wheel, and the fine-grain grinding wheel 1s used to
polish the surfaces of the blank pipes; a grinding thickness
of the grinding wheel head 1s 0.1 mm-35 mm; a roundness
error range of the layered composite pipe blank after grind-
ing 1s 0 mm-0.05 mm; a hole diameter deviation 1s £0.01
mm, and a surface finish satisfies a Ra0.2 standard;

When the blank pipes are used as outer pipes of the
layered composite pipe, the large-grain coarse grinding
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wheel, the medium-grain emery cloth, and the fine-grain
ogrinding wheel are all used for grinding; when the blank
pipes are used as mner pipes of the layered composite pipe,
only the large-grain coarse grinding wheel and the medium-
grain emery cloth are used for grinding, 1n such a manner
that a plurality of scratches are left on the surfaces of the
blank pipes to facilitate imnterface bonding between the outer
pipes and the inner pipes of the layered composite pipe in
subsequent processing;

In step 2, mternally grinding the blank pipes comprises a
specific step of: grinding the internal surfaces of the metal
blank pipes with a wire brush grinding head, wherein a
ogrinding thickness 1s 0.1 mm-1 mm, and peaks and valleys
of 0.1 mm are generated; a steel wire diameter of the wire
brush grinding head 1s =0.1 mm:;

In step 3, cleaning the o1l stains comprises a specific step
of: soaking the metal blank pipes 1n an alkaline cleaning
solution to clean the iternal surfaces and the external
surfaces, thereby removing the grits, the metal burrs, and the
o1l stains; wherein the metal blank pipes are overturned 3-5
times 1n the alkaline cleaning solution, a soaking time 1s
5-10 minutes, and a pH value of the alkaline cleaning
solution 1s 8-10.

Preferably, 1n step 4, assembling the multilayer metal pipe
comprises a specific step of: processing the multilayer metal
blank pipes treated in steps 1-3 with a layered composite
pipe blank hydraulic pusher, thereby providing clearance fit
and oppositely pushing adjacent pipes to form the multilayer
metal blank pipe, wherein the clearances between the adja-
cent pipe layers are less than 0.5 mm:;

In step 3, a taper angle of a necking core head die of the
drawing die 1s 5°-15°, and a length of a core head sizing belt
1s 5%-20% of the diameter of the layered composite pipe; a
single-pass diameter expansion capacity 1s 0%-10% of the
diameter of the layered composite pipe, and a single-pass
wall reduction 1s —-10%-+15% of a wall thickness of the
layered composite pipe; since there 1s a gap between the
internal walls of the outer pipes and the external walls of the
iner pipes of the multilayer metal pipe, 1 order to reason-
ably eliminate the gap and air 1n the gap, the diameter 1s
reduced by drawing, so as to achieve a perfect fit between
the internal and external walls;

In the step 6, performing the high-speed friction welding
at the pipe ends comprises a specific step of: after drawing
to reduce the diameter, arranging the high-speed friction
welding head at both ends of the layered composite pipe
blank to seal the pipe ends by welding; wherein the high-
speed Iriction welding head rotates at a speed of 100
r/min-3000 r/min, and applies a pressure to the pipe ends of
the layered composite pipe blank to increase a iriction
between the high-speed friction welding head and the pipe
ends; the pressure applied to the pipe ends of the layered
composite pipe blank 1s determined according to pipe speci-
fications, which 1s 20 t-0.01 t; for the layered composite pipe
after drawing to reduce the diameter, 1n order to completely
climinate oxidation of the internal walls of the outer pipes
and the external walls of the inner pipes during subsequent
heating process which hinders the metallurgical bonding of
the surfaces, the high-speed friction welding head 1s applied
at both pipe ends, which melts the pipe metal with a high
temperature, and quickly fuses the gap at the pipe ends under
an external force, which eflectively 1solates oxygen, and
completely eliminates the oxidation of the pipe surfaces 1n
the subsequent processing;

In the step 7, performing the multi-point friction welding
on the pipe surfaces comprises a specific step of: after
sealing the pipe ends, arranging multiple sets of the high-
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speed Iriction welding heads on the surfaces of the layered
composite pipe blank to fuse the gaps between surface
friction welding areas; wherein the high-speed friction weld-
ing heads rotate at the speed of 100 r/min-3000 r/min, and
applies a pressure to an external surface of the layered
composite pipe blank to increase a Iriction between the
high-speed friction welding heads and the pipe surfaces; the
pressure applied to the external surface of the layered
composite pipe blank 1s determined according to the pipe
specifications, which 1s 5 t-0.01 t; for the composite pipe
with closed pipe ends after drawing to reduce the diameter,
in order to completely eliminate uneven heating between the
internal walls of the outer pipes and the inner pipes during
the subsequent heating process, and to avoid bulging caused
by uneven internal stress which will lower effect of the
subsequent large-deformation four-roller cross-rolling, mul-
tiple sets of the high-speed 1Iriction welding heads are
applied on the pipe surfaces, and a pressure 1s applied to
increase the friction between the high-speed friction welding
heads and the pipe surfaces, so that a high temperature 1s
generated to cause high-temperature adhesion of the pipe
metal; furthermore, under the external force, the gaps
between the corresponding Iriction welding areas are
quickly fused to realize multi-point bonding of the compos-
ite pipe blank.

Preferably, 1n step 8, overall heating comprises a specific
step of: after Ifriction welding, transporting the layered
composite pipe blank into a heating furnace through a
furnace bottom roller bed, wherein four sets of flame nozzles
of the heating furnace are divided into an upper layer and a
lower layer in the heating furnace; an optimal hot working
temperature 1s determined according to a lowest material
melting point of the layered composite pipe blank; during
heating, a diflerence between an actual temperature and the
optimal hot working temperature 1s £10° C.;

In the step 9, performing the four-roller cross-rolling
comprises a specilic step of: processing the heated layered
composite pipe blank with the large deformation treatment
through the four-roller cross-rolling, wherein an upper roller
and a lower roller for the four-roller cross-rolling are active
rollers, while a left roller and a right roller are passive
rollers; during rolling, the four rollers are 1n contact with the
heated layered composite pipe blank, and a micro-tapered
mandrel having a taper of 1:8-1:15 1s arranged on the
internal surface of the layered composite pipe blank, so as to
ensure transverse extension and wall thickness deformation
of the heated layered composite pipe blank, and to keep a
large rolling force on a pipe wall during rolling; dynamic
pressing 1s adopted during rolling to realize multi-pass
rolling with small deformation; a single-pass deformation 1s
0-D*10%, a cumulative deformation 1s 85%, and a metal-
lurgical composite rate between an internal wall of an outer
pipe and an inner pipe of the layered composite pipe blank
1s no less than 95%: wherein D 1s an external diameter of the
layered composite pipe blank; the large-deformation four-
roller cross-rolling 1s used mainly to realize the complete
metallurgical composite between the internal walls of the
outer pipes and the external walls of the mner pipes; 1n order
to ensure the transverse extension and the wall thickness
deformation of the heated composite pipe, and to keep the
large rolling force on the pipe wall during rolling, it 1s
necessary to applied the micro-tapered mandrel to the inter-
nal surface of the composite pipe; being micro-tapered 1s
mainly for smoothly removing the mandrel after hot rolling
formation, wherein the taper should be 1:8-1:135; during the
whole working process, the four rollers adopt dynamic
pressing to realize the multi-pass rolling with the small
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deformation, which can effectively realize broad flow of the
metal while avoiding metal siltation;

In the step 10, straightening comprises a specific step of:
using multiple sets of upper straightening rollers and lower
straightening rollers, which are arranged obliquely on the
surfaces of the layered composite pipe blank, for straight-
ening; wherein the layered composite pipe blank advances
spirally during straightening to ensure all areas on the
surfaces of the layered composite pipe blank are correspond-
ingly straightened and deformed; for the composite pipe
with the reduced diameter after the four-roller cross-rolling,
due to relatively large deformation and inconsistent defor-
mation characteristics of various metals, a large amount of
internal stress and uneven distribution are bound to occur;
bending and collapse will occur during cooling, while the
internal residual stress 1s relatively large; therefore, 1t must
be straightened.

Preferably, i step 11, performing the two-roller cold-
rolling comprises a specific step of: placing the straightened
layered composite pipe blank 1n a closed deformation hole
for plastic deformation, wherein the closed deformation hole
1s formed by an upper roller and a lower roller both having
a continuous tapered section hole, as well as by a set of
mandrels with tapered surfaces; a maximum deformation 1s
80%; the metal crystal grains are crushed, and a crystal grain
s1ze grade 1s 4-7; during rolling; the upper and lower rollers
translate horizontally while rotating oppositely, thereby
pushing the layered composite pipe blank to extend in a
longitudinal direction; at extreme positions of the upper and
lower rollers, the mandrels rotate for pipe advancing; a
rotation range of the mandrels 1s 0°-73°, and a pipe advanc-
ing volume per each pass 1s 0-5 mm; the layered composite
pipe with the reduced diameter 1s obtained by the two-roller
cold-rolling. For the layered composite pipe after straight-
ening, 1 order to obtain a higher precision, better perfor-
mance, and more complete specifications, the two-roller
cold-rolling 1s performed.

Preferably, 1n the step Z1, a taper angle of a necking core
head die of the drawing die 1s 5°-15°, and a length of a core
head sizing belt 1s 5-20% of the diameter of the layered
composite pipe; a single-pass diameter expansion capacity 1s
0%-10% of the diameter of the layered composite pipe, and
a single-pass wall reduction 1s —10%-+15% of a wall thick-
ness ol the layered composite pipe; 1n order to obtain
extreme specifications, the diameter and the wall thickness
of the layered composite pipe after the two-roller cold-
rolling need to be reduced; in view of pipe crystal grain size
requirements, a drawing process 1s used to shrink holes;

In the step Z2, a taper angle of a core head die of the
expansion die 1s 5°-15°, and a length of a core head sizing
belt 1s 10 mm-300 mm; a single-pass diameter expansion
capability 1s 0%-10% of the diameter of the layered com-
posite pipe, and a single-pass wall reduction 1s 0%-15% of
the wall thickness of the layered composite pipe;

In order to obtain the extreme specifications, the wall
thickness reduction of the layered composite pipe after
cold-drawing cannot meet production needs; in view of the
pipe crystal grain size requirements, the cold expansion 1s
performed to reduce the wall thickness and increase the
diameter.

Preferably, in the step Z3, performing the heat treatment
comprises a specilic step of: transporting the layered com-
posite pipe with the reduced diameter into a heat treatment
furnace through a furnace bottom spinning roller bed,
wherein two flame nozzles are arranged separately at a top
layer of the heating treatment furnace; an optimal hot
working temperature 1s determined according to a lowest
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material melting point of the layered composite pipe blank;
during heating, a difference between an actual temperature
and the optimal hot working temperature 1s £10° C.;

For the layered composite pipe after the two-roller cold-
rolling, the cold-drawing, the cold-expansion, and the pre-
cise rolling, due to the large deformation, a large amount of
residual stress 1s generated, and a large number of crushed
crystal grains are generated due to plastic deformation,
which 1s easy to break the metal pipe; therefore, the heat
treatment must be performed to eliminate the residual stress
while allowing the metal crystal grains to dynamically
recrystallize, thereby eliminating harmiul intercrystallite
phases;

In the step Z4, the precision cold-rolling adopts a multi-
roller cold-rolling mill; the multi-roller cold-rolling mall
comprises multiple rollers each having a hole, and a set of
rolling mandrels with tapered surfaces; after the cold-draw-
ing, the cold-expansion and the heat treatment, the layered
composite pipe 1s placed in the rollers, and forms a closed
deformation hole with the rolling mandrels; the layered
composite pipe 1s plastically deformed 1n the closed defor-
mation hole while the metal crystal grains of the layered
composite pipe are crushed; during rolling, the rollers trans-
late horizontally while rotate oppositely, thereby pushing the
layered composite pipe to extend 1n a longitudinal direction;
at extreme positions of the rollers, the rolling mandrels
rotate for advancing the layered composite pipe; a rotation
range of the rolling mandrels 1s 0°-60°, and a pipe advancing
volume per each pass 1s 0-3 mm; after the multi-roller
precision cold-rolling, a maximum deformation of the lay-
ered composite pipe 1s 20%, a metal pipe crystal grain size
grade 1s 5-9, a wall thickness tolerance 1s =5%, an external

diameter roundness error 1s 0 mm-0.05 mm, a wall thickness
unevenness 1s =5%, and a straightness 1s =0.15 mm/m; a
quantity of the rollers in the multi-roller cold-rolling mall 1s
three, four, five or six;

For composite pipe after the heat treatment, in order to
obtain higher precision, better performance, and more out-
standing extreme specifications, the layered composite pipe
1s processed with the multi-roller cold-rolling to obtain finer
crystal grain size, more comprehensive extreme specifica-
tions, better surface quality, and better metal pipe toughness.

Preferably, 1n step 12, degreasing comprises a specific
step ol: soaking the rolled layered composite pipe in an
alkaline cleaning solution to clean the internal and external
surfaces, thereby removing the o1l stains; wherein the lay-
ered composite pipe 1s overturned 3-5 times 1n the alkaline
cleaning solution, a soaking time 1s 5-10 minutes, and a pH
value of the alkaline cleaning solution 1s 8-10;

In step 13, brightening comprises a specific step of:
transporting the degreased layered composite pipe into a
bright cleaning furnace through a furnace bottom conveyor
belt, wherein four sets of bright furnace nozzles are divided
into an upper layer and a lower layer 1n the bright cleaning
furnace, so as to ensure umform heating of the layered
composite pipe; the bright cleaning furnace 1s connected to
a hydrogen generating device which generates hydrogen,
and the hydrogen undergoes combustion reaction with oxy-
gen to provide heat energy for the bright cleaning furnace;
alter the two-roller cold-rolling, the cold-drawing, the cold-
expansion, and the precise rolling, the layered composite
pipe 1s very easy to be oxidized during rolling due to the
large deformation, so brightening i1s necessary;

In step 14, performing the surface grinding comprises a
specific step of: grinding the external surface of the layered
composite pipe with a grinding wheel head, wherein the
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grinding wheel grinding head 1s a fine-grain grinding wheel
tor polishing the surfaces of the blank pipes, and a grinding
thickness 1s 0.1 mm-35 mm;

In step 15, cleaning the dust comprises a specific step of:
cleaning the internal and external surfaces of the layered
composite pipe with a negative pressure cleaning device,
thereby removing the surface grinding head grit and the
metal burrs;

In step 16, detecting the multilayer metal interface bond-
ing comprises a specific step of: performing the ultrasonic
detecting on the cleaned layered composite pipe with an
ultrasonic detection device, so as to comprehensively obtain
the metallurgical bonding information of the internal and
external surfaces between the adjacent pipe layers of the
layered composite pipe;

In step 17, detecting the flaws comprises a specific step of:
performing the ultrasonic detecting on the surfaces of the
cleaned layered composite pipe with an eddy current flaw
detection device, so as to comprehensively obtain the crack
defect mformation of the layered composite pipe after
deformation;

In step 18, testing the metal structure performance com-
prises a specific step of: sampling and testing the cleaned
layered composite pipe through physical testing and chemi-
cal testing; analyzing the mechanical properties, the grain
s1zes, and the corrosion resistances of each pipe layer, and
comprehensively evaluating the metal pipe performance.

According to the present invention, the method for pre-
paring the multilayer metal composite pipe 1s suitable for
preparing composite pipes with two or more layers of
different metal pipes.

Compared with the prior art, the present invention has the
tollowing beneficial eflects:

1. The method of the present invention can realize mass
production of metal composite seamless pipes, and
solves a problem of inconsistent extension due to
differences 1n metal properties. While realizing multi-
layer metallurgical compositing between metals, the
production cost 1s reduced, production efliciency 1is
improved, and product performance and precision are
higher.

2. The composite pipe produced by the present invention
has a strong bonding ability and can greatly improve the
bonding rate between multiple layers of dissimilar metals.

3. The steps of the method of the present invention can be
flexibly selected according to customer needs to produce
multi-variety and multi-specification composite pipes, so as
to meet pipe specification and performance requirements
under different working conditions; especially, by cycling
the cold-drawing, the cold-expansion, the heat treatment,
and the precision cold-rolling, products with higher preci-
sion, better performance, and more outstanding extreme
specifications can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flow chart of the present invention;

FIG. 2 1s a sketch view of externally grinding blank pipes
of the present invention;

FIG. 3 1s a sketch view of internally grinding the blank
pipes of the present invention;

FIG. 4 15 a sketch view of assembling a multilayer metal
pipe of the present invention;

FIG. 5 15 a sketch view of drawing to reduce the diameter
of the present invention;

FIG. 6 1s a sketch view of performing high-speed friction
welding at pipe ends of the present mvention;
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FIG. 7 1s a sketch view of performing multi-point friction
welding on pipe surfaces of the present imvention;

FIG. 8 1s a sketch view of the overall heating of the
present 1nvention;

FIG. 9 1s a sketch view of performing four-roller cross-
rolling of the present invention;

FIG. 10 1s a sketch view of straightening of the present
invention;

FIG. 11 1s a sketch view of performing two-roller cold-
rolling of the present invention;

FIG. 12 1s a sketch view of performing cold-drawing to
reduce the diameter of the present invention;

FIG. 13 15 a sketch view of performing cold-expansion to
reduce a wall thickness and increase the diameter of the
present invention;

FIG. 14 1s a sketch view of performing heat treatment of
the present mnvention;

FIG. 15 1s a sketch view of performing multi-roller
precise cold-rolling of the present invention;

FIG. 16 1s a sketch view of performing six-roller precise
cold-rolling of the present invention;

FIG. 17 1s a sketch view of brightening of the present
invention;

FIG. 18 1s a sketch view of performing surface grinding
of the present invention;

FIG. 19 15 a sketch view of cleaning dust of the present
invention;

FIG. 20 1s a sketch view of detecting multilayer metal
interface bonding of the present invention; and

FIG. 21 1s a sketch view of the detection principle of the
present mvention.

Element reference: 101—metal blank pipe, 102——com-
posite pipe blank, 103—Ilayered composite pipe, 1—grind-
ing wheel head, 2—wire brush grinding head, 3—Ilayered
composite pipe blank hydraulic pusher, 4—drawing die,
5—high-speed Iriction welding head, 6—heating furnace,
61 —flame nozzle, 62— tfurnace bottom roller bed, 71—ac-
tive roller, 72—passive roller, 73—micro-tapered mandrel,
81—upper straightening roller, 82—Ilower straightening
roller, 91—roller having continuous tapered section hole,
92— mandrel with tapered surface, 1001—furnace bottom
conveyor belt, 10—bright cleaning furnace, 1002—bright
burner nozzle, 1003—hydrogen generating device,
11—negative pressure cleaning device, 12—ultrasonic
detection device, 13—eddy current flaw detection device,
14—expanding die, 15—heat treatment furnace, 151—
flame nozzle, 152—furnace bottom spinning roller bed,
16—roller with hole, the 17—rolling mandrel with the
tapered surface.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1l

Referring to the drawings and embodiments, the technical
solutions of the present invention will be further described
below. To those skilled in the art, 1t 1s clear that the
embodiments are exemplary only and should not be
regarded as specific limitations to the present invention.

Embodiment 1

Referring to FIGS. 1-11 and 17-21, embodiment 1 pro-
vides a method for preparing a multilayer metal composite
pipe, comprising steps of:

1) Externally grinding blank pipes: grinding the external

surfaces of the metal blank pipes 101 with a grinding,
wheel head 1 to eliminate oxide films on the external
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surfaces and spiral joints caused by a previous process;
wherein the grinding wheel head 1 comprises a large-
grain coarse grinding wheel, a medium-grain emery
cloth, and a fine-grain grinding wheel; the large-grain
coarse grinding wheel 1s used to eliminate spiral joints
on the surfaces of the blank pipes; the medium-grain
emery cloth 1s used to grind burrs and metal granular
substances left by the large-grain coarse grinding
wheel, and the fine-grain grinding wheel 1s used to
polish the surfaces of the blank pipes; a grinding
thickness of the grinding wheel head 1 1s 0.1 mm-3
mm; a roundness error range of the layered composite
pipe blank 102 after grinding 1s 0 mm-0.05 mm; a hole
diameter deviation 1s +0.01 mm, and a surface finish
satisfles a Ra0.2 standard;

When the blank pipes are used as outer pipes of the

layered composite pipe, the large-grain coarse grinding
wheel, the medium-grain emery cloth, and the {ine-
grain grinding wheel are all used for grinding; when the
blank pipes are used as inner pipes of the layered
composite pipe, only the large-grain coarse grinding
wheel, and the medium-grain emery cloth are used for
grinding, 1n such a manner that a plurality of scratches
are left on the surfaces of the blank pipes to facilitate
interface bonding between the outer pipes and the inner
pipes of the layered composite pipe in subsequent
processing;

2) Internally grinding the blank pipes: grinding the inter-

nal surfaces of the metal blank pipes 101 with a wire
brush grinding head 2 to eliminate oxide films on the
internal surfaces and quality defects caused by the
previous process, and producing micro-grooves on the
internal surfaces of the blank pipes; wherein a grinding

thickness 1s 0.1 mm-1 mm, and peaks and valleys of 0.1
mm are generated; a steel wire diameter of the wire

brush grinding head 2 1s 0.1 mm; wherein no micro-
groove 1s produced on an internal surface of an inner-
most pipe of the multilayer metal composite pipe;

3) Cleaning o1l stains: cleaning the internal surfaces and

the external surfaces of metal blank pipes 101 ground
in step 2 to remove grits, metal burrs and the o1l stains,
which comprises a specific step of: soaking the metal
blank pipes 101 in an alkaline cleaning solution to
clean the internal surfaces and the external surfaces,
thereby removing the grits, the metal burrs and the o1l
stains; wherein the metal blank pipes 101 are over-
turned 3-5 times in the alkaline cleaning solution, a
soaking time 1s 5-10 minutes, and a pH value of the
alkaline cleaning solution 1s 8-10;

4) Assembling a multilayer metal pipe: assembling the

metal blank pipes 101 cleaned in the step 3 with
internal and external clearances to form a multilayer
metal blank pipe, which comprises a specific step of:
processing the multilayer metal blank pipes 101 treated
in the steps 1-3 with a layered composite pipe blank
hydraulic pusher 3, thereby providing clearance fit and
oppositely pushing adjacent pipes to form the multi-
layer metal blank pipe, wherein the clearances between
the adjacent pipe layers are less than 0.5 mm;

5) Drawing to reduce a diameter: reducing the diameter of

the multilayer metal blank pipe through a drawing die
4, and fully contacting adjacent pipe layers in the
multilayer metal blank pipe to form an interference fit,
thereby obtaining a layered composite pipe blank 102
by drawing to reduce the diameter; wheremn a taper
angle of a necking core head die of the drawing die 4
1s 5°-15°, and a length of a core head sizing belt is
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5%-20% of the diameter of the layered composite pipe;
a single-pass diameter expansion capacity 1s 0%-10%
of the diameter of the layered composite pipe, and a
single-pass wall reduction 1s —10%-+15% of a wall
thickness of the layered composite pipe;

6) Performing high-speed iriction welding at the pipe

ends: fusing pipe end gaps of the layered composite
pipe blank 102 with a high-speed friction welding head
5, and sealing by welding to prevent internal and
external surfaces of adjacent pipe layers of the layered
composite pipe blank 102 from oxidizing, which com-
prises a specific step of: after drawing to reduce the
diameter, arranging the high-speed iriction welding
head 5 at both ends of the layered composite pipe blank
102 to seal the pipe ends by welding; wherein the
high-speed friction welding head rotates at a speed of
100 r/min-3000 r/min, and applies pressure to the pipe
ends of the layered composite pipe blank 102 to
increase iriction between the high-speed friction weld-
ing head and the pipe ends; the pressure applied to the
pipe ends ol the layered composite pipe blank 1s

determined according to pipe specifications, which 1s
20 t-0.01 t;

7) Performing multi-point friction welding on pipe sur-

faces: applying multiple sets of the high-speed friction
welding heads S on surfaces of the layered composite
pipe blank 102 with sealed pipe ends to fuse gaps
between corresponding Iriction welding areas, thereby
realizing the multi-point friction welding on the pipe
surfaces of the layered composite pipe blank 102,
which comprises a specific step of: after sealing the
pipe ends, arranging multiple sets of the high-speed
friction welding heads 5 on the surfaces of the layered
composite pipe blank 102 to fuse the gaps between
surface Iriction welding areas; wherein the high-speed
friction welding heads rotate at the speed of 100
r/min-3000 r/min, and applies a pressure to an external
surface of the layered composite pipe blank 102 to
increase a Iriction between the high-speed {friction
welding heads and the pipe surfaces; the pressure
applied to the external surface of the layered composite
pipe blank 1s determined according to the pipe speci-
fications, which 1s 5 t-0.01 ft;

8) Overall heating: overall heating the layered composite

pipe blank 102 after friction welding, which comprises
a specilic step of: after friction welding, transporting
the layered composite pipe blank 102 into a heating
furnace 6 through a furnace bottom roller bed 62,
wherein four sets of flame nozzles 61 of the heating
furnace 6 are divided into an upper layer and a lower
layer 1n the heating furnace 6; an optimal hot working
temperature 1s determined according to a lowest mate-
rial melting point of the layered composite pipe blank
102; during heating, a difference between an actual

temperature and the optimal hot working temperature 1s
+10° C.;

9) Performing four-roller cross-rolling: processing the

heated layered composite pipe blank 102 with large
deformation treatment through the four-roller cross-
rolling, so that the internal and external surfaces of the
adjacent pipe layers are to metallurgically composited,
wherein an upper roller and a lower roller for the
four-roller cross-rolling are active rollers 71, while a
lett roller and a right roller are passive rollers 72;
during rolling, the four rollers are in contact with the
heated layered composite pipe blank 102, and a micro-
tapered mandrel 73 having a taper of 1:8-1:15 1s
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arranged on the internal surface of the layered com-
posite pipe blank 102, so as to ensure transverse
extension and wall thickness deformation of the heated
layered composite pipe blank 102, and to keep a large
rolling force on a pipe wall during rolling; dynamic
pressing 1s adopted during rolling to realize multi-pass
rolling with small deformation; a single-pass deforma-
tion 1s 0-D*10%, a cumulative deformation 1s 85%, and
a metallurgical composite rate between an internal wall
of an outer pipe and an nner pipe of the layered
composite pipe blank 102 1s no less than 95%; wherein
D 1s an external diameter of the layered composite pipe
blank 102;

10) Straightening: straightening the layered composite
pipe blank 102 after the four-roller cross-rolling to
climinate bending and flattening problems caused dur-
ing cooling as well as to eliminate an internal residual
stress, which comprises a specific step of: using mul-
tiple sets of upper straightening rollers 81 and lower
straightening rollers 82, which are arranged obliquely
on the surfaces of the layered composite pipe blank
102, for straightening; wherein the layered composite
pipe blank 102 advances spirally during straightening
to ensure all areas on the surfaces of the layered
composite pipe blank 102 are correspondingly straight-
ened and deformed

11) Performing two-roller cold-rolling: processing the

straightened layered composite pipe blank 102 with plastic
deformation and crushing metal crystal grains through the
two-roller cold-rolling, so as to obtain a layered composite
pipe 103 with a reduced diameter, which comprises a
specific step of: placing the straightened layered composite
pipe blank 102 1mn a closed deformation hole for plastic
deformation, wherein the closed deformation hole 1s formed
by an upper roller 91 and a lower roller 91 both having a
continuous tapered section hole, as well as by a set of
mandrels 92 with tapered surfaces; a maximum deformation
1s 80%; the metal crystal grains are crushed, and a crystal
grain size grade 1s 4-7; during rolling; the upper and lower
rollers 91 translate horizontally while rotate oppositely,
thereby pushing the layered composite pipe blank 102 to
extend 1n a longitudinal direction; at extreme positions of the
upper and lower rollers 91, the mandrels 92 rotate for pipe
advancing; a rotation range of the mandrels 92 1s 0°-75°, and
a pipe advancing volume per each pass 1s 0-5 mm; the
layered composite pipe 103 with the reduced diameter is
obtained by the two-roller cold-rolling; the layered compos-
ite pipe 103 with the reduced diameter satisfies product
specification and performance requirements;

12) Degreasing: cleaning the rolled layered composite
pipe 103 to remove surface o1l stains, which comprises
a specific step of: soaking the rolled layered composite
pipe 103 1n an alkaline cleaming solution to clean the
internal and external surfaces, thereby removing the
orits, the metal burrs and the o1l stains; wherein the
layered composite pipe 103 1s overturned 3-5 times 1n
the alkaline cleaning solution, a soaking time 1s 5-10
minutes, and a pH wvalue of the alkaline cleaning
solution 1s 8-10;

13) Brighteming: brightening the degreased layered com-
posite pipe 103 to reduce oxide scales on a surface of
the metal pipe, which comprises a specific step of:
transporting the degreased layered composite pipe 103
into a bright cleaning furnace 10 through a furnace
bottom conveyor belt 1001, wherein four sets of bright
furnace nozzles 1002 are divided 1nto an upper layer
and a lower layer in the bright cleaning furnace 10, so
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as to ensure uniform heating of the layered composite
pipe 103; the bright cleaning furnace 10 1s connected to

a hydrogen generating device 1003 which generates
hydrogen, and the hydrogen undergoes combustion
reaction with oxygen to provide heat energy for the
bright cleaning furnace 10;

14) Performing surface grinding: processing the bright-
ened layered composite pipe 103 with the surface
orinding to eliminate surface oxide films and pipe
surface quality problems caused by the previous steps,
and then polishing, which comprises a specific step of:
grinding the external surface of the layered composite
pipe 103 with a grinding wheel head 1, wherein the
grinding wheel grinding head 1 1s a fine-grain grinding
wheel for polishing the surfaces of the blank pipes, and
a grinding thickness 1s 0.1 mm-5 mm;

15) Cleaning dust: cleaning the internal and external
surfaces of the layered composite pipe 103 with a
negative pressure cleaning device 11, thereby removing
the surface grinding head grit and the metal burrs;

16) Detecting multilayer metal interface bonding: per-
forming ultrasonic detecting on the cleaned layered
composite pipe 103 with an ultrasonic detection device
12, so as to comprehensively obtain the metallurgical
bonding information of the ternal and external sur-
faces between the adjacent pipe layers of the layered
composite pipe; and discarding an unqualified layered
composite pipe 103 having unqualified metallurgical
areas;

17) Detecting flaws: performing the ultrasonic detecting
on the surfaces of the cleaned layered composite pipe
103 with an eddy current flaw detection device 13 to
obtain crack defect information of the layered compos-
ite pipe 103 after deformation and discarding the
unqualified layered composite pipe 103;

18) Testing metal structure performance: sampling and
testing the cleaned layered composite pipe 103 through
physical testing and chemical testing; analyzing the
mechanical properties, the grain sizes, and the corro-
ston resistances of each pipe layer, and evaluating
metal pipe performance; for the layered composite pipe
103 with unqualified metal structure performance,
repeating the steps 11-18 until the qualified layered
composite pipe 103 i1s obtained; and

19) Sizing and packaging: sizing and packaging the
qualified layered composite pipe 103 to facilitate trans-
portation and avoiding corrosion by harmiul sub-
stances.

The method of embodiment 1 1s suitable for preparing
multilayer metal composite pipes with a diameter of ®8
mm-®PR8O0 mm, a wall thickness of 3 mm-60 mm, and an
accuracy level of 4-7.

Embodiment 2

Retferring to FIGS. 1-11 and 14-21, in order to obtain a

multilayer metal composite pipe with higher precision,
better performance, and more outstanding extreme specifi-
cations, when the layered composite pipe 103 with the
reduced diameter obtained by the step 11 of the embodiment
1 fails specification and performance requirements, steps Z3
and 74 are added belfore performing step 12. According to
the embodiment 2, a method for preparing a multilayer metal
composite pipe 1s provided, comprising steps of:

Steps 1-11 are the same as those in the embodiment 1.

/.3) Performing heat treatment: performing the heat treat-
ment on the layered composite pipe 103 with the reduced
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diameter to eliminate a residual stress and cause dynamic
recrystallization of the metal crystal grains, which comprises

a specific step of: transporting the layered composite pipe
103 with the reduced diameter 1into a heat treatment furnace
15 through a furnace bottom spinmng roller bed 152,
wherein two flame nozzles 151 are arranged separately at a
top layer of the heating treatment furnace 15; an optimal hot
working temperature 1s determined according to a lowest
material melting point of the layered composite pipe blank
102; during heating, a difference between an actual tem-
perature and the optimal hot working temperature 1s £10° C.;

74) Performing precise cold-rolling: after the heat treat-
ment, processing the layered composite pipe 103 with small-
deformation cold-rolling through a multi-roller cold-rolling
technology, so as to cause further plastic deformation and
crushing the metal crystal grains, thereby reducing the
diameter and a wall thickness of the composite pipe to obtain
a precisely rolled layered composite pipe 103 with a finer
grain size and a better metal pipe toughness;

The precision cold-rolling adopts a six-roller cold-rolling
mill; the six-roller cold-rolling mill comprises six rollers 16
cach having a hole, and a set of rolling mandrels 17 with
tapered surfaces, wherein external diameters of the holes are
identical; after cold-drawing, cold-expansion and the heat
treatment, the layered composite pipe 103 1s placed in the
rollers 16, and forms a closed deformation hole with the
rolling mandrels 17; the layered composite pipe 103 1s
plastically deformed in the closed deformation hole while
the metal crystal grains of the layered composite pipe 103
are crushed; during rolling, the rollers 16 translate horizon-
tally while rotate oppositely, thereby pushing the layered
composite pipe 103 to extend 1n a longitudinal direction; at
extreme positions of the rollers 16, the rolling mandrels 17
rotate for advancing the layered composite pipe 103; a
rotation range of the rolling mandrels 1s 0°-60°, and a pipe
advancing volume per each pass 1s 0-3 mm; after the
s1x-roller precision cold-rolling, a maximum deformation of
the layered composite pipe 103 1s 20%, a metal pipe crystal
grain size grade 1s 5-9, a wall thickness tolerance 1s =5%, an
external diameter roundness error 1s 0 mm-0.05 mm, a wall
thickness unevenness 1s =5%, and a straightness 1s =0.15
mm/m; according to the embodiment 2, a quantity of the
rollers 16 1n the multi-roller cold-rolling mill may also be
three, four or five;

If the layered composite pipe 103 obtained by the step Z4
still fails the specification and performance requirements,
repeating the steps Z3 and Z4 1n sequence for at least once
until the layered composite pipe 103 satisfies the specifica-
tion and performance requirements; and then performing the
steps 12-19.

Steps 12-19 are the same as those 1n the embodiment 1.

The method of the embodiment 2 1s suitable for preparing,
multilayer metal composite pipes with a diameter of ®8
mm-®600 mm, a wall thickness of 1 mm-30 mm, a crystal
grain size grade of 5-9, a wall thickness tolerance of =3%,
an external diameter roundness error of 0 mm-0.05 mm, a
wall thickness unevenness ol =5%, and a straightness of

<0.15 mm/m.

Embodiment 3

Referring to FIGS. 1-12 and 14-21, 1n order to obtain a
multilayer metal composite pipe with higher precision,
better performance, and more outstanding extreme specifi-
cations, when the layered composite pipe 103 with the
reduced diameter obtained by the step 11 of the embodiment
2 fails specification and performance requirements, and
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generate plastic deformation which mainly reduces a diam-
eter and secondarily reduces a wall thickness 1s needed, a

step Z.1 1s added before performing step Z3. According to the
embodiment 3, a method for preparing a multilayer metal
composite pipe 1s provided, comprising steps of:

Steps 1-11 are the same as those in the embodiment 1.

/1) Performing cold-drawing to reduce the diameter:
processing the layered composite pipe 103 with the drawing
die 4 to generate plastic deformation which mainly reduces
the diameter and secondarily reduces the wall thickness,
thereby obtaining the layered composite pipe 103 whose
diameter 1s reduced by the cold-drawing; wherein a taper
angle of a necking core head die of the drawing die 4 1s
5°-15°, and a length of a core head si1zing belt 1s 5-20% of
the diameter of the layered composite pipe; a single-pass
diameter expansion capacity 1s 0%-10% of the diameter of
the layered composite pipe, and a single-pass wall reduction
1s —10%-+15% of a wall thickness of the layered composite
p1pe,

If the layered composite pipe 103 obtained by the cold-
drawing or the cold-expansion fails diameter and wall
thickness reduction requirements, then repeating the step 71
for at least once until the layered composite pipe 103
satisfies the diameter and wall thickness reduction require-
ments, and then performing the steps Z3 and 7Z4;

Steps Z3, 74 and 12-19 are the same as those in the
embodiment 2.

The method of the embodiment 3 1s suitable for preparing
multilayer metal composite pipes with a diameter of ®3
mm-®600 mm, a wall thickness of 1 mm-30 mm, a crystal
grain size grade of 5-9, a wall thickness tolerance of =5%,
an external diameter roundness error of 0 mm-0.05 mm, a
wall thickness unevenness of =5%, and a straightness of

<(0.15 mm/m.

Embodiment 4

Referring to FIGS. 1-11 and 13-21, 1n order to obtain a
multilayer metal composite pipe with higher precision,
better performance, and more outstanding extreme specifi-
cations, when the layered composite pipe 103 with the
reduced diameter obtained by the step 11 of the embodiment
2 fails specification and performance requirements, and
generate plastic deformation which mainly reduces a diam-
cter and secondarily reduces a wall thickness 1s needed, a
step 7.2 1s added before performing step Z3. According to the
embodiment 4, a method for preparing a multilayer metal
composite pipe 1s provided, comprising steps of:

Steps 1-11 are the same as those in the embodiment 1.

/.2) Performing cold-expansion to reduce the wall thick-
ness and increase the diameter: processing the layered
composite pipe 103 with an expansion die 14 to generate the
plastic deformation which mainly reduces the wall thickness
and secondarily increases the diameter, thereby obtaining
the layered composite pipe 103 whose diameter 1s changed
by the cold-expansion; wherein a taper angle of a core head
die of the expansion die 14 1s 5°-15°, and a length of a core
head sizing belt 1s 10 mm-300 mm; a single-pass diameter
expansion capability 1s 0%-10% of the diameter of the
layered composite pipe, and a single-pass wall reduction 1s
0%-15% of the wall thickness of the layered composite pipe;

If the layered composite pipe 103 obtained by the cold-
drawing or the cold-expansion fails diameter and wall
thickness reduction requirements, then repeating the step 7.2
for at least once until the layered composite pipe 103
satisfies the diameter and wall thickness reduction require-
ments, and then performing the steps Z3 and Z4;
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Steps 73, 74 and 12-19 are the same as those in the
embodiment 2.

The method of the embodiment 3 1s suitable for preparing
multilayer metal composite pipes with a diameter of ®8
mm-®600 mm, a wall thickness 01 0.5 mm-10 mm, a crystal
grain size grade of 5-9, a wall thickness tolerance of =3%,
an external diameter roundness error of 0 mm-0.05 mm, a

wall thickness unevenness of =5%, and a straightness of
<0.15 mm/m.

Embodiment 5

Referring to FIGS. 1-21, in order to obtain a multilayer
metal composite pipe with higher precision, better perior-
mance, and more outstanding extreme specifications, when
the layered composite pipe 103 with the reduced diameter
obtained by the step 11 of the embodiment 2 fails specifi-
cation and performance requirements, and generate plastic
deformation which mainly reduces a diameter and second-
arily reduces a wall thickness 1s needed, steps Z1 and 72 are
added before performing step Z3. According to the embodi-
ment 5, a method for preparing a multilayer metal composite
pipe 1s provided, comprising steps of:

Steps 1-11 are the same as those 1n the embodiment 1.

/1) Performing cold-drawing to reduce the diameter:
processing the layered composite pipe 103 with the drawing,
die 4 to generate plastic deformation which mainly reduces
the diameter and secondarily reduces the wall thickness,
thereby obtaining the layered composite pipe 103 whose
diameter 1s reduced by the cold-drawing; wherein a taper
angle of a necking core head die of the drawing die 4 1s
5°-15°, and a length of a core head sizing belt 15 5-20% of
the diameter of the layered composite pipe; a single-pass
diameter expansion capacity 1s 0%-10% of the diameter of
the layered composite pipe, and a single-pass wall reduction
1s —10%-+15% of a wall thickness of the layered composite
p1pe;

7.2) Performing cold-expansion to reduce the wall thick-
ness and increase the diameter: processing the layered
composite pipe 103 with an expansion die 14 to generate the
plastic deformation which mainly reduces the wall thickness
and secondarily increases the diameter, thereby obtaining
the layered composite pipe 103 whose diameter 1s changed
by the cold-expansion; wherein a taper angle of a core head
die of the expansion die 14 1s 5°-13°, and a length of a core
head sizing belt 1s 10 mm-300 mm; a single-pass diameter
expansion capability 1s 0%-10% of the diameter of the
layered composite pipe, and a single-pass wall reduction 1s
0%-15% of the wall thickness of the layered composite pipe;

It the layered composite pipe 103 obtained by the cold-
drawing or the cold-expansion fails diameter and wall
thickness reduction requirements, then repeating the steps
/1 and 72 1n sequence for at least once until the layered
composite pipe 103 satisfies the diameter and wall thickness
reduction requirements, and then performing the steps Z3
and 74;

Steps 73, 74 and 12-19 are the same as those in the
embodiment 2.

The method of the embodiment 5 1s suitable for preparing
multilayer metal composite pipes with a diameter of @3
mm-®600 mm, a wall thickness 01 0.5 mm-10 mm, a crystal
grain size grade of 5-9, a wall thickness tolerance of =3%,
an external diameter roundness error of 0 mm-0.05 mm, a
wall thickness unevenness of =5%, and a straightness of
<0.15 mm/m.

According to the embodiments 1-5, the optimal hot work-
ing temperatures of different metals can be selected with

10

15

20

25

30

35

40

45

50

55

60

65

18

reference to Table 1. Production parameters of the four-roller
cross-rolling, the cold-drawing, the cold-expansion, the two-
roller cold-rolling, and the precise cold-rolling can be
selected according to the matenal of the layered composite
pipe, so as to control the deformation of rolling, cold-
drawing, and cold-expansion within ranges listed 1n Table 3.
Parameters of each step can be selected from Table 2
according to the material of the multilayer metal composite

pipe.

TABLE 1

Optimal hot working temperatures of metals

Material

Copper Aluminum Titanum  Magnesium

Temperature Steel alloy alloy alloy alloy
Optimal hot 950- 550- 580- 850- 3R80-
working 1150° C. 650° C. 6%0° C. 890° C. 420° C.
temperature
TABLE 2

Parameters for multilayer metal composite pipes composed of
different materials

Material
Copper- Magnesium-
Steel-titanium aluminum aluminum
Parameter composite composite composite
Drawing taper angle of taper angle of taper angle of
die necking core necking core necking core
parameter head die 1s head die 1s head die 1s
10°-15°, length 8°-15°, length 5°-10°, length
of core head of core head of core head
sizing belt sizing belt sizing belt
1s 5-8% of is 7-9% of 1s 8-10% of
diameter of diameter of diameter of
layered layered layered
composite pipe composite pipe composite pipe
Expansion taper angle of taper angle of taper angle of
die core head die 1s  core head die 1s  core head die is
parameter 10°-15°, length 8°-15°, length 5°-10°, length
of core head of core head of core head
sizing belt 1s sizing belt 1s sizing belt is
10-150 mm 10-200 mm 10-300 mm
Overall 850-890° C. 550-650° C. 380-420° C.
heating and
heat
treatment
temperature
Pipe end Friction Friction Friction
and surface welding welding welding
multi-point head rotation head rotation head rotation
friction speed 1s speed speed
welding 1000-3000 1000-3000 1000-3000
parameter /IMIN, pressure I/IMIN, pressure I/IMIN, pressure
applied 1s applied 1s applied 1s
20-0.01 t 15-0.01 t 8-0.01 t
Four-roller Taper of Taper of Taper of

cross-rolling
parameter

micro-tapered
mandrel 1s
1:8-1:15

micro-tapered
mandrel is
1:8-1:15

micro-tapered
mandrel is
1:8-1:15



US 11,850,645 B2

19 20

TABLE 3
Parameter
Four-roller Two-roller
cross-rolling Cold-drawing Cold-expansion cold-rolling Precise
maximum  deformation  deformation  deformation cold-rolling
Material deformation (single pass) (single pass) (total) deformation
Steel-titanium <85% <15% <15% <55% <20%
composite pipe
Copper-aluminum <70% <15% <15% <45% <20%
composite pipe
Magnesium- <65% <8% <8% <30% <15%
aluminum

15
and flattening problems caused during cooling as well

as to eliminate an internal residual stress;

11) processing the straightened layered composite pipe
blank (102) with plastic deformation and crushing
metal crystal grains through the two-roller cold-rolling,

Tables 1-3 only list preparation parameter ranges for
several commonly used metal materials. The method for
preparing the multilayer metal composite pipe of the present
invention 1s not limited to the materials listed 1n the tables.

Specific parameters 1n each step are determined based on
characteristics of the materials.

What 1s claimed 1s:
1. A method for preparing a multilayer metal composite

corresponding friction welding areas, thereby realizing
the multi-point friction welding on the pipe surfaces of
the layered composite pipe blank (102);

so as to obtain a layered composite pipe (103) with a

reduced diameter;
12) cleaning the rolled layered composite pipe (103) to
remove surface oil stains:

pipe, comprising steps of: 25 13) brightening the degreased layered composite pipe

1) grinding external surfaces of metal blank pipes (101) to (103) to reduce oxide scales on a surface of the metal
climinate oxide films on the external surfaces and spiral pipe;
joints caused by a previous process; 14) processing the brightened layered composite pipe

2) grinding internal surfaces of the metal blank pipes (103) with the surface grinding to eliminate surface
(101) to ‘ehmmate oxide films on the .mternal surfaces 30 oxide films and pipe surface quality problems caused
and qut‘illlty dgfects caused by the-: previous process, and by the previous steps, and then polishing:

Pmd“‘“?lg HLETO=2IO0VES Ol the 111temalﬁ surfaces of the 15) cleaning internal and external surfaces of the polished

blank pipes; wherein no micro-groove 1s produced on f q L .
. . . . ayered composite pipe (103) to remove surface grind

an internal surface of an innermost pipe of the multi- . head orit and metal hurrs:

layer metal composite pipe; 35 s Heath SHE dlith e DUHS,.

3) cleaming the internal surfaces and the external surfaces 16) performmg ultl:asomc dewc““%’ on the cle{aned lay-
of metal blank pipes (101) ground in the step 2 to .ered.compOS{te pIpe (103) to obtain metallurgical bond-
remove grits, metal burrs and the oil stains; ng, mfonngtwn of 'the internal and external surfac'es

4) assembling the metal blank pipes (101) cleaned in the b.etween ad acent pipe }ayer s of the liayer ed composite
step 3 with internal and external clearances to form a 40 pipe (103), and discarding an unqualitied layered com-
multilayer metal blank pipe: posite pipe (103) having unqualified metallurgical

5) reducing the diameter of the multilayer metal blank arcas;
pipe through a drawing die (4), and fully contacting 1'7) performing the ultrasonic detecting on the surfaces of
adjacent pipe layers in the multilayer metal blank pipe the cleaned layered composite pipe (103) to obtain
to form an interference {it, thereby obtaining a layered 45 crack defect information of the layered composite pipe
composite pipe blank (102) by drawing to reduce the (103) after deformation, and discarding the unqualified
diameter; layered composite pipe (103);

6) fusing pipe end gaps of the layered composite pipe 18) sampling and testing the qualified layered composite
blank (102) with a high-speed iriction welding head pipe (103); analyzing mechanical properties, grain
(5), and sealing by welding to prevent internal and 50 s1zes, and corrosion resistances of each pipe layer, and
external surfaces of adjacent pipe layers of the layered cvaluating metal pipe performance; for the layered
composite pipe blank (102) from oxidizing; composite pipe (103) with unqualified metal structure

7) applying multiple sets of the high-speed friction weld- performance, repeating the steps 11-18 until the quali-
ing heads (5) on surfaces of the layered composite pipe fied layered composite pipe (103) 1s obtained; and
blank (102) with sealed pipe ends to fuse gaps between 55  19) sizing and packaging the qualified layered composite

pipe (103) to facilitate transportation and avoiding
corrosion by harmitul substances.
2. The method, as recited 1n claim 1, wherein i1f the

layered composite pipe (103) with the reduced diameter

60 obtained through the steps 1-11 fails specification and per-
formance requirements, a step Z3 and a step Z4 are inserted
alter the step 11 before performing the steps 12-19;

8) overall heating the layered composite pipe blank (102)
alter friction welding;

9) processing the heated layered composite pipe blank
(102) with large deformation treatment through the

four-roller cross-rolling, so that the internal and exter-
nal surfaces of the adjacent pipe layers are metallurgi-
cally composited;

10) straightening the layered composite pipe blank (102)
aiter the four-roller cross-rolling to eliminate bending

65

wherein step Z3 includes: performing the heat treatment
on the layered composite pipe (103) with the reduced
diameter to eliminate a residual stress and cause
dynamic recrystallization of the metal crystal grains;
and
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wherein step Z4 includes: after the heat treatment, pro-
cessing the layered composite pipe (103) with small-
deformation cold-rolling through a multi-roller cold-
rolling technology, so as to cause further plastic
deformation and crushing the metal crystal grains,
thereby reducing the diameter and a wall thickness of
the composite pipe; 1f the layered composite pipe (103 )
obtained by the step 74 still fails the specification and
performance requirements, repeating the steps Z3 and
/4 1n sequence for at least once until the layered
composite pipe (103) satisfies the specification and
performance requirements; and then performing the

steps 12-19.
3. The method, as recited in claim 1, wherein i1t the
layered composite pipe (103) with the reduced diameter
obtained through the steps 1-11 fails specification and per-
formance requirements, at least one of a step Z1 and a step
7.2 1s mserted after the step 11 to reduce the diameter and a
wall thickness, and then a step Z3 and a step Z4 are mserted
before performing the steps 12-19;
wherein step Z1 includes: processing the layered com-
posite pipe (103) with the drawing die (4) to generate
plastic deformation which mainly reduces the diameter
and secondarily reduces the wall thickness, thereby
reducing the diameter of the layered composite pipe
(103) by cold-drawing;

wherein step Z2 includes: processing the layered com-
posite pipe (103) with an expansion die (14) to generate
the plastic deformation which mainly reduces the wall
thickness and secondarily increases the diameter,
thereby obtaining the layered composite pipe (103)
whose diameter 1s changed by the cold-expansion;
after at least one of the steps Z1 and 72 1s performed, i
the layered composite pipe (103) obtained by the
cold-drawing or the cold-expansion fails diameter and
wall thickness reduction requirements, then repeating
at least one of the steps 71 and Z2 for at least once until
the layered composite pipe (103) satisfies the diameter
and wall thickness reduction requirements, and then
performing the steps Z3 and 74;

wherein step Z3 includes: performing the heat treatment
on the layered composite pipe (103) with the reduced
diameter to eliminate a residual stress and cause
dynamic recrystallization of the metal crystal grains;
and
wherein step Z4 includes: after the heat treatment, pro-
cessing the layered composite pipe (103) with small-
deformation cold-rolling through a multi-roller cold-
rolling technology, so as to cause further plastic
deformation and crushing the metal crystal grains,
thereby reducing the diameter and the wall thickness of
the composite pipe to obtain a precisely rolled layered
composite pipe (103) with a finer grain size and a better
metal pipe toughness;
if the layered composite pipe (103) obtained by the step
/4 still fails specification and performance require-
ments, repeating the steps Z3 and Z4 1n sequence for at
least once until the layered composite pipe (103) sat-
isfies the specification and performance requirements;
and then performing the steps 12-19;

if the layered composite pipe (103), which 1s obtained by
repeating the steps Z3 and Z4 1n sequence for at least
once, still fails the specification and performance
requirements, then repeating the steps Z1-Z4 for at
least once until the layered composite pipe (103) sat-
isfies the specification and performance requirements.
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4. The method, as recited 1n claim 1, wherein in the step
1, further comprises grinding the external surfaces of the

metal blank pipes (101) with a grinding wheel head (1),

wherein the grinding wheel head (1) comprises a large-grain
coarse grinding wheel, a medium-grain emery cloth, and a
fine-grain grinding wheel; the large-grain coarse grinding
wheel 1s used to eliminate spiral joints on the surfaces of the
blank pipes; the medium-grain emery cloth 1s used to grind
burrs and metal granular substances left by the large-grain
coarse grinding wheel; and the fine-grain grinding wheel 1s
used to polish the surfaces of the blank pipes; a grinding
thickness of the grinding wheel head (1) 1s 0.1 mm-5 mm;
a roundness error range of the layered composite pipe blank
(102) after grinding 1s 0 mm-0.05 mm; a hole diameter
deviation 1s £0.01 mm; and a surface finish satisfies a Ra0.2
standard;
when the blank pipes are used as outer pipes of the layered
composite pipe, the large-grain coarse grinding wheel,
the medium-grain emery cloth, and the fine-grain
orinding wheel are all used for grinding; when the
blank pipes are used as inner pipes ol the layered
composite pipe, only the large-grain coarse grinding
wheel and the medium-grain emery cloth are used for
ogrinding, 1 such a manner that a plurality of scratches
are left on the surfaces of the blank pipes to facilitate
interface bonding between the outer pipes and the inner
pipes of the layered composite pipe in subsequent
processing;
in the step 2, further comprises grinding the internal
surfaces of the metal blank pipes (101) with a wire
brush grinding head (2), wherein a grinding thickness
1s 0.1 mm-1 mm, and peaks and valleys of 0.1 mm are
generated; a steel wire diameter of the wire brush
grinding head (2) 1s =0.1 mm;

in the step 3, further comprises soaking the metal blank
pipes (101) 1n an alkaline cleaning solution to clean the
internal surfaces and the external surfaces, thereby
removing the grits, the metal burrs and the o1l stains;
wherein the metal blank pipes (101) are overturned 3-5
times 1n the alkaline cleaning solution, a soaking time
1s 5-10 minutes, and a pH value of the alkaline cleaning
solution 1s 8-10.

5. The method, as recited 1n claim 1, wherein in the step
4, further comprises processing the multilayer metal blank
pipes (101) treated 1n the steps 1-3 with a layered composite
pipe blank hydraulic pusher (3), thereby providing clearance
fit and oppositely pushing adjacent pipes to form the mul-
tilayer metal blank pipe, wherein the clearances between the
adjacent pipe layers are less than 0.5 mm;

in the step 5, a taper angle of a necking core head die of

the drawing die (4) 1s 5°-13°, and a length of a core
head sizing belt 1s 5%-20% of the diameter of the
layered composite pipe; a single-pass diameter expan-
sion capacity 1s 0%-10% of the diameter of the layered
composite pipe, and a single-pass wall reduction 1s
—10%-+15% of a wall thickness of the layered com-
posite pipe;

in the step 6, further comprises after drawing to reduce the

diameter, arranging the high-speed Iriction welding
head (5) at both ends of the layered composite pipe
blank (102) to seal the pipe ends by welding; wherein
the high-speed iriction welding head rotates at a speed
of 100 r/min-3000 r/min, and applies a pressure to the
pipe ends of the layered composite pipe blank (102) to
increase a Iriction between the high-speed {friction
welding head and the pipe ends; the pressure applied to
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the pipe ends of the layered composite pipe blank 1is
determined according to pipe specifications, which 1s
20 t-0.01 t;

in the step 7, further comprises aiter sealing the pipe ends,
arranging multiple sets of the high-speed friction weld-
ing heads (5) on the surfaces of the layered composite
pipe blank (102) to fuse the gaps between surface
friction welding areas; wherein the high-speed friction
welding heads rotate at the speed of 100 r/min-3000
r/min, and applies a pressure to an external surface of
the layered composite pipe blank (102) to increase a
friction between the high-speed friction welding heads
and the pipe surfaces; the pressure applied to the
external surface of the layered composite pipe blank 1s
determined according to the pipe specifications, which
1s 5 t-0.01 t.
6. The method, as recited 1n claim 1, wherein 1n the step
8, Turther comprises: after friction welding, transporting the
layered composite pipe blank (102) mnto a heating furnace
(6) through a furnace bottom roller bed (62), wherein four
sets of flame nozzles (61) of the heating furnace (6) are
divided into an upper layer and a lower layer 1n the heating
furnace (6); an optimal hot working temperature 1s deter-
mined according to a lowest material melting point of the
layered composite pipe blank (102); during heating, a dii-
ference between an actual temperature and the optimal hot
working temperature 1s £10° C.;
in the step 9, further comprises processing the heated
layered composite pipe blank (102) with the large
deformation treatment through the four-roller cross-
rolling, wherein an upper roller and a lower roller for
the four-roller cross-rolling are active rollers (71),
while a left roller and a right roller are passive rollers
(72); during rolling, the four rollers are 1n contact with
the heated layered composite pipe blank (102), and a
micro-tapered mandrel (73) having a taper of 1:8-1:15
1s arranged on the internal surface of the layered
composite pipe blank (102), so as to ensure transverse
extension and wall thickness deformation of the heated
layered composite pipe blank (102), and to keep a large
rolling force on a pipe wall during rolling; dynamic
pressing 1s adopted during rolling to realize multi-pass
rolling with small deformation; a single-pass deforma-
tion 1s 0-D*10%, a cumulative deformation 1s 85%, and
a metallurgical composite rate between an internal wall
of an outer pipe and an mnner pipe of the layered
composite pipe blank (102) 1s no less than 95%;
wherein D 1s an external diameter of the layered
composite pipe blank (102);

in the step 10, further comprises: using multiple sets of
upper straightening rollers (81) and lower straightening
rollers (82), which are arranged obliquely on the sur-
faces of the layered composite pipe blank (102), for
straightening; wherein the layered composite pipe
blank (102) advances spirally during straightening to
ensure all areas on the surfaces of the layered compos-
ite pipe blank (102) are correspondingly straightened
and deformed.

7. The method, as recited in claim 1, wherein in the step
11, further comprises: placing the straightened layered com-
posite pipe blank (102) mn a closed deformation hole for
plastic deformation, wherein the closed deformation hole 1s
tformed by an upper roller (91) and a lower roller (91) both
having a continuous tapered section hole, as well as by a set
of mandrels (92) with tapered surfaces; a maximum defor-
mation 1s 80%; the metal crystal grains are crushed, and a
crystal grain size grade 1s 4-7; during rolling; the upper and
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lower rollers (91) translate horizontally while rotate oppo-
sitely, thereby pushing the layered composite pipe blank
(102) to extend in a longitudinal direction; at extreme
positions of the upper and lower rollers (91), the mandrels
(92) rotate for pipe advancing; a rotation range of the
mandrels (92) 1s 0°-73°, and a pipe advancing volume per
cach pass 1s 0-5 mm; the layered composite pipe (103) with
the reduced diameter 1s obtained by the two-roller cold-
rolling.

8. The method, as recited 1n claim 3, wherein 1n the step
7.1, a taper angle of a necking core head die of the drawing
die (4) 1s 5°-15°, and a length of a core head sizing belt 1s
5-20% of the diameter of the layered composite pipe; a
single-pass diameter expansion capacity 1s 0%-10% of the
diameter of the layered composite pipe, and a single-pass
wall reduction 1s -10%-+15% of a wall thickness of the
layered composite pipe;

in the step 72, a taper angle of a core head die of the

expansion die (14) 1s 5°-15°, and a length of a core head
sizing belt 1s 10 mm-300 mm; a single-pass diameter
expansion capability 1s 0%-10% of the diameter of the
layered composite pipe, and a single-pass wall reduc-
tion 1s 0%-15% of the wall thickness of the layered
composite pipe.

9. The method, as recited 1n claim 2, wherein 1n the step
/3, further comprises: transporting the layered composite
pipe (103) with the reduced diameter into a heat treatment
furnace (15) through a furnace bottom spinning roller bed
(152), wherein two flame nozzles (151) are arranged sepa-
rately at a top layer of the heating treatment furnace (15); an
optimal hot working temperature 1s determined according to
a lowest material melting point of the layered composite
pipe blank (102); during heating, a diflerence between an
actual temperature and the optimal hot working temperature
1s +10° C.;

in the step 74, the precision cold-rolling adopts a multi-

roller cold-rolling muill; the multi-roller cold-rolling
mill comprises multiple rollers (16) each having a hole,
and a set of rolling mandrels (17) with tapered surfaces;
after cold-drawing, cold-expansion and the heat treat-
ment, the layered composite pipe (103) 1s placed 1n the
rollers (16), and forms a closed deformation hole with
the rolling mandrels (17); the layered composite pipe
(103) 1s plastically deformed 1n the closed deformation
hole while the metal crystal grains of the layered
composite pipe (103) are crushed; during rolling, the
rollers (16) translate horizontally while rotate oppo-
sitely, thereby pushing the layered composite pipe
(103) to extend 1n a longitudinal direction; at extreme
positions of the rollers (16), the rolling mandrels (17)
rotate for advancing the layered composite pipe (103);
a rotation range of the rolling mandrels 1s 0°-60°, and
a pipe advancing volume per each pass 1s 0-3 mm; after
the multi-roller precision cold-rolling, a maximum
deformation of the layered composite pipe (103) 1s
20%, a metal pipe crystal grain size grade 1s 5-9, a wall
thickness tolerance 1s 5%, an external diameter round-
ness error 1s 0 mm-0.05 mm, a wall thickness uneven-
ness 15 =3%, and a straightness 1s =0.15 mm/m; a
quantity of the rollers (16) 1n the multi-roller cold-
rolling mill 1s three, four, five or six.

10. The method, as recited 1n claim 3, wherein 1n the step
73, turther comprises: transporting the layered composite
pipe (103) with the reduced diameter 1nto a heat treatment
furnace (135) through a furnace bottom spinning roller bed
(152), wherein two flame nozzles (151) are arranged sepa-
rately at a top layer of the heating treatment furnace (15); an
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optimal hot working temperature 1s determined according to
a lowest material melting point of the layered composite
pipe blank (102); during heating, a difference between an

actual temperature and the optimal hot working temperature
1s +10° C.;
in the step Z4, the precision cold-rolling adopts a multi-
roller cold-rolling mill; the multi-roller cold-rolling
mill comprises multiple rollers (16) each having a hole,
and a set of rolling mandrels (17) with tapered surfaces;
alter the cold-drawing, the cold-expansion and the heat
treatment, the layered composite pipe (103) 1s placed in
the rollers (16), and forms a closed deformation hole
with the rolling mandrels (17); the layered composite
pipe (103) 1s plastically deformed in the closed defor-
mation hole while the metal crystal grains of the
layered composite pipe (103) are crushed; during roll-
ing, the rollers (16) translate horizontally while rotate
oppositely, thereby pushing the layered composite pipe
(103) to extend 1n a longitudinal direction; at extreme
positions of the rollers (16), the rolling mandrels (17)
rotate for advancing the layered composite pipe (103);
a rotation range of the rolling mandrels 1s 0°-60°, and
a pipe advancing volume per each pass 1s 0-3 mm; after
the multi-roller precision cold-rolling, a maximum
deformation of the layered composite pipe (103) is
20%, a metal pipe crystal grain size grade 1s 5-9, a wall
thickness tolerance 1s 5%, an external diameter round-
ness error 1s 0 mm-0.05 mm, a wall thickness uneven-
ness 15 =5%, and a straightness 1s =0.15 mm/m; a
quantity of the rollers (16) 1n the multi-roller cold-
rolling mill 1s three, four, five or six.

11. The method, as recited 1n claim 1, wherein 1n the step
12, further comprises: soaking the rolled layered composite
pipe (103) 1n an alkaline cleaning solution to clean the
internal and external surfaces, thereby removing the oil
stains; wherein the layered composite pipe (103) 1s over-
turned 3-5 times 1n the alkaline cleaning solution, a soaking
time 1s 5-10 minutes, and a pH value of the alkaline cleaning,
solution 1s 8-10;

in the step 13, further comprises: transporting the

degreased layered composite pipe (103) into a bright
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cleaning furnace (10) through a furnace bottom con-
veyor belt (1001), wherein four sets of bright furnace
nozzles (1002) are divided into an upper layer and a
lower layer 1n the bright cleaning furnace (10), so as to
ensure uniform heating of the layered composite pipe
(103); the bright cleaning furnace (10) 1s connected to
a hydrogen generating device (1003) which generates
hydrogen, and the hydrogen undergoes combustion
reaction with oxygen to provide heat energy for the

bright cleaning furnace (10);

in the step 14, further comprises: grinding the external

surface of the layered composite pipe (103) with a
ogrinding wheel head (1), wherein the grinding wheel
grinding head (1) 1s a fine-grain grinding wheel for
polishing the surfaces of the blank pipes, and a grinding
thickness 1s 0.1 mm-5 mm;

in the step 13, further comprises: cleaning the internal and

external surfaces of the layered composite pipe (103)
with a negative pressure cleaming device (11), thereby
removing the surface grinding head grit and the metal
burrs;

in the step 16, further comprises: performing the ultra-

sonic detecting on the cleaned layered composite pipe
(103) with an ultrasonic detection device (12), so as to
comprehensively obtain the metallurgical bonding
information of the internal and external surfaces
between the adjacent pipe layers of the layered com-
posite pipe;

in the step 17, further comprises: performing the ultra-

sonic detecting on the surfaces of the cleaned layered
composite pipe (103) with an eddy current flaw detec-
tion device (13), so as to comprehensively obtain the

crack defect information of the layered composite pipe
(103) after deformation;

in the step 18, further comprises: sampling and testing the

cleaned layered composite pipe (103) through physical
testing and chemaical testing; analyzing the mechanical
properties, the grain sizes, and the corrosion resistances
of each pipe layer, and comprehensively evaluating the
metal pipe performance.
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